Chemical fume hoods are standard equipment in the laboratories of medical institutions and represent significant costs related to their maintenance and energy consumption; particularly when they are improperly managed. XYZ Medical Center's methods of managing chemical fume hoods exposes the institution to potential loss related to health, property, and energy consumption. Specific issues with the system include an inadequate location tracking mechanism, and non-existent maintenance and repair records which, upon inspection, ultimately result in a high number of defective hoods year after year.
consumed; with each hood requiring over three times the energy of an average house (Mills & Sartor, 2005) . The safety of the chemical fume hood user is another primary concern because adequate protection only occurs when the unit is operated within a narrow range of average face velocity; any lower or higher and the chemical fume hood The current system limits the degree to which chemical fume hoods can be managed as an asset, which, in turn, limits both department and institution level continuous improvement activities. Main problems with the system include: an absence of notification when the chemical fume hood is moved to a different location; no record of when identified maintenance issues are resolved, which could have regulatory implications; limited access to the database for chemical fume hood users; and a labor intensive process involving multiple departments for administering the system. XYZ Medical Center does, however, maintain an electronic Maintenance Management System (MMS) that has, historically, only been used for tracking the maintenance status of medical equipment critical to patient care. The MMS has recently become available, based on changes to regulatory language dealing with medical equipment management, to equipment that is less critical to patient care; chemical fume hoods, for example. The electronic system keeps a continually updated list of equipment location, provides use status, lists preventive maintenance schedules and status, sends automatic alerts for inspections and maintenance, is linked to the work order generating database, and keeps a record of all activity relating to a particular piece of equipment. The availability of the MMS to a wider variety of equipment classifications provides XYZ Medical Center, and other medical institutions under similar regulatory jurisdiction and of similar size and complexity, an opportunity to more effectively manage their equipment, particularly chemical fume hoods, to reduce costs and ensure employee safety.
Statement of the Problem
The lack of a fully integrated system for inspecting chemical fume hoods at XYZ Medical Center requires a more labor-intensive process than is necessary and places the institution at risk for loss related to health, property, and energy consumption.
Purpose of the Study
The purpose of this study is to integrate the management of chemical fume hoods into the equipment management program at XYZ Medical Center to increase the efficiency of the preventive maintenance, inspection, and repair process.
Goals of the Study
The main objectives of this study are to:
1. Identify opportunities for improving the management of chemical fume hoods at XYZ Medical Center.
2. Identify changes in regulatory language that will allow for the management of chemical fume hoods within an equipment management program. 
Significance
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The integration will streamline the inspection and maintenance of chemical fume hoods to ensure the complete control of chemical fume hoods, thus reducing operational expenses and employee exposures to hazardous chemicals. The primary goal of the integration will be to eventually transfer the administration of the chemical fume hood maintenance program to the Facilities Operations Department; this will enable personnel in the Occupational Safety Department to allocate additional time to other activities related to risk management. Also, if the system is working it is expected that the number of "defective" hoods would be reduced from one year to the next, which would be an indication of continuous improvement, and, at the same time, a demonstration of the viability of using an existing medical equipment management system for the purposes of managing less critical laboratory equipment.
Definition of Terms
Average face velocity: "Air speed necessary to overcome opposing air currents and contain a contaminant in the hood for exhaust to the outdoors", measured in feet per minute (fpm). (Brookhaven National Laboratory, 2009, p 
. 2).
Biosafety cabinet: "An engineering control, which provides protection for both the work product (biological specimen) and the user. A laminar flow of REP A filtered air is passed across the work surface. The air is then re-filtered before being exhuasted, usually back into the laboratory" (Brookhaven National Laboratory, 2009, p.2) . 
Assumptions
This study is confined within the scope of a large, multi-disciplinary medical center with facilities dedicated to direct patient care, clinical and research laboratory activities, and medical education; all of which are under the jurisdiction of all applicable regulatory bodies, both federal and private. In addition to this, the institution operates a fully integrated medical equipment management program.
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Chapter II: Literature Review
The purpose of this study is to integrate the preventive maintenance management of chemical fume hoods into the equipment management program at XYZ Medical Center. The benefits of performing preventive maintenance on equipment vital to business operations has been studied since the 1950 's (Dekker, 1996 and the effective execution of such programs is likely to save a company both time and money (Worsham, 2008) . It is for these reasons that XYZ Medical Center would likely experience a decrease in operational costs if chemical fume hoods were managed to a greater degree.
The following is a review of selected topics related to the purpose of this study. The topics include: Reactive maintenance, Preventive maintenance, Chemical fume hood maintenance, Equipment management regulatory requirements in healthcare, Equipment management standards of practice, Chemical fume hood management practice in industry, and Summary.
Reactive Maintenance
Reactive maintenance essentially means to leave equipment running until it breaks down before performing any maintenance. According to the U.S. Department of Energy (2007) , over 55% of maintenance activities at businesses in the United States are reactive in nature. Though reactive maintenance may cost less and have lower staffing demands in the beginning, the costs associated with unplanned equipment outages, equipment repair or replacement, and increased staffing for making repairs will easily negate any of the initial savings. Additionally, as Christer Idhammar (2004) points out, the number of injuries or incidents actually increases during reactive maintenance activities because the work is often hurried and poorly planned. He goes on to describe a company that calculated a 28% increased chance of their maintenance personnel having an incident while performing reactive maintenance on equipment in their facility.
Preventive Maintenance
An alternative to reactive maintenance is preventive maintenance. The objective with preventive maintenance is to reduce the chances for equipment failure (Weibull, 2007) by periodically cleaning, making minor adjustments, and replacing minor parts; similar to routine car maintenance (Worsham, 2008) . There are multiple benefits, all relating to cost, of a preventive maintenance program: increased production, longer equipment life, efficient use of maintenance staff, reduced number of large repairs, reduced cost of repairs, improved product quality, and increased employee safety.
Chemical Fume Hood Maintenance 8
Up to 35% of the energy used in a typical business can be contributed to heating, ventilation, and air conditioning (HV AC) systems (NCDENR, 2003) . Adding chemical fume hoods to the HV AC system increases energy consumption in laboratories to four-to five-times that of a traditional commercial building (Lawrence Berkeley National Laboratory, 2007) . Routine preventive maintenance is typically performed to avoid a reduction in the efficiency and the safety of these systems (ETSU, 2008) . Common preventive maintenance activities include inspections of the fan housing and ductwork for leaks, inspecting the fan motor, and making sure the electrical system is functioning.
Testing the face velocity of the chemical fume hood ensures that employees are properly protected as well as being a good check to be sure that the unit is not exhausting more air than is required, which will add cost (Lawrence Berkeley National Laboratory, 2007).
Equipment Management Regulatory Requirements in Healthcare
Three primary bodies exist to regulate the organizational management of medical equipment. The following is a review of each. Inclusion of equipment into the management program is to be determined by using risk criteria that account for the specific function of the equipment, the physical risks of using the equipment, and any maintenance requirements of the equipment. As recommended by the Association for the Advancement of Medical Instrumentation (AAMI, 1999), such inclusion can be determined by assigning an Equipment Management number, EM, calculated using EM = Function + Risk + Required Maintenance, and deciding inclusion into an equipment management program based on the value of the outcome. Equipment included in the equipment management program must then be inspected, tested, and maintained based on intervals defined and documented by the laboratory (Joint Commission, 2008).
Occupational Safety and Health
As described by Rice and Wang (2003), JCARO's July, 2001 changes to the equipment inclusion criteria enabled healthcare facilities to better manage their equipment by allowing them to customize the testing requirements for each piece of equipment included in the plan. Previous to the changes by Joint Commission, the requirements were such that some equipment with lower risk ratings, while still high enough to be included in the equipment management program, was being needlessly over-tested, thereby wasting resources. • Develop and implement equipment inclusion criteria.
Equipment Management Standards of Practice
• Conduct audits to determine effectiveness and code compliance/accreditation conformance.
• Maintain continuous improvement and performance review processes.
• Include upper management.
• Actively participate with equipment acquisition.
• Actively participate with equipment related incident investigation.
• Periodically review the program.
In addition to the AAMI's EM calculation mentioned earlier, Wang and Levenson (2000) describe two other calculations, Equipment Management Rating (EMR) and Adjusted Equipment Managing Rating (AEMR), for determining equipment risk criteria (as cited in Rice and Wang, 2003) . With the intent of finding a more useful method of determining equipment risk, Rice and Wang explain that the EMR and AEMR were developed in order to consider both patient risks and the mission of the organization, in addition to utilization, in the case of AEMR, when determining the degree of inclusion to an equipment management program (Rice and Wang, 2003) . The degree of inclusion can be more appropriately described, as Rice and Wang do, as a classification. Rather than merely deciding if the equipment will be a part of the equipment management plan, the classification determines the degree to which the equipment will be managed within the plan.
Chemical Fume Hood Management Practice in Industry
The publically available information regarding equipment management practices at institutions comparable in size and scope of business operations to XYZ Medical Center is limited; due, in part, to the fact that many, including XYZ Medical Center, maintain an intranet to house their policies and procedures that is accessible only to employees. With that said, the institutions that were identified all have similar processes 
Subject Selection and Description
XYZ Medical Center was selected as the subject ofthis study. XYZ Medical
Center is a large, multi-disciplinary healthcare institution with approximately 38,000 employees, about 15 million square-feet of space, and a scope of operation encompassing clinical practice, research, and education.
The author is currently employed as a full-time Occupational Safety Associate at XYZ Medical Center and has access to policy documents, files, and personnel within the institution.
Data Required
Data required for this study included, 1) a review of current chemical fume hood management practices performed by XYZ Medical Center, 2) an evaluation of the performance of chemical fume hoods over the past five years, 3) a policy review of existing practices used by XYZ Medical Center's peer institutions, and 4) a literature review of equipment management standards of practice.
Data Collection Procedures
Current management practice. Information on the current practices for managing XYZ Medical Center's chemical fume hoods was reviewed from collected documents. Reliable records for years prior to 2004 were not available. Defective chemical fume hoods were defined as those with a measured average face velocity outside of the allowable limits, less than 80 fpm or greater than 150 fpm, or those that could not be located, and, therefore, could not be evaluated. The number of defective hoods was determined by manually reviewing the evaluation records and tallying the number of defective chemical fume hoods for each year; the total number of hoods on record was also counted. The rate of defect was calculated by dividing the sum of all defective hoods in one year, by the total number of hoods on record for that year, then multiplying the result by 100 to determine the percentage of defective chemical fume hoods for that year.
Results were compiled in Table 1 
Data Analysis
The information that was gathered regarding current management practices, past performance, industry benchmark, and medical equipment management standards of practice was all considered and used to define the opportunity for XYZ Medical Center to Additionally, if a chemical fume hood is identified as requiring maintenance, there is no follow-up or record of when that maintenance is initiated or completed.
Deficiencies related to performance, maintenance record keeping, and information availability dictate that chemical fume hood management at XYZ Medical Center is due for an overhaul.
Conclusions
The following major points were identified through the review of information related to the integration of chemical fume hood management at XYZ Medical Center.
• Chemical fume hoods represent a significant expense to medical institutions and should be managed as such. The current system of chemical fume hood management at XYZ Medical Center is ineffective at reducing the incidence of defective hoods and does not support continuous performance improvement.
• A review of policies at institutions similar to XYZ Medical Center revealed that others within the industry also manage chemical fume hoods separate from an institutional medical equipment management plan.
• Regulatory bodies overseeing medical facilities do not limit medical equipment management plans to include only high-risk medical equipment. There exists significant opportunity for other equipment that are considered low-risk, like chemical fume hoods, to be managed to a greater degree within an institutional equipment management program. Phase two. Once an MMS record has been created for each hood, the next step, having begun January 1 st, 2009, is to identify each chemical fume hood and ensure their actual location matches with the location listed in the equipment database. This step is an unfortunate necessity due to the lack of a mechanism for tracking location changes, which is being addressed, simultaneously, in another project within the Safety Department. The end of phase two will be characterized by the consistent and proactive updating of chemical fume hood locations in MMS, and will be identified by periodically auditing a subset of hoods; the expectation is that 95% of the hoods are found to be in the location they are listed as being in. Also occurring in phase two is the formalization of inspection schedules to streamline inspections and ensure the efficient use of personnel.
so that an equal number will be inspected each quarter.
Phase three. This last step involves the complete transfer of responsibility for administering the chemical fume hood management system from Safety to Facilities
Operations. Initiating the final phase will not occur until all components of the previous phases are fully operational and adequate staffmg is present in Facilities Operations to support the additional responsibilities.
Areas of Further Research
Future studies related to this topic would likely include a more thorough benchmarking analysis to identify the exact chemical fume hood management process at other institutions. Additionally, XYZ Medical Center may benefit from an analysis of local exhaust ventilation system management, as well as an analysis into energy saving opportunities involving both chemical fume hoods and local exhaust ventilation systems.
